The Wolf-Hirschhorn syndrome is a rare chromosome disorder associated with a partial ddletion of the short arm of chromosome 4. It is now a well defined clinical entity with characteristic facial and other anomalies accompanied by profound growth and developmental delay. In Mattei et al8 estimated the incidence of X;autosome translocations as 1 to 3 per 10 000 live births with approximately one-third of cases being unbalanced. Over half the published reports of unbalanced X;autosome translocations have a normal X chromosome replaced by the derived X. Of the remainder, most are the result of adjacent II or 3:1 segregation, in approximately equal numbers. It is unusual to find the autosomal derivative with two normal sex chromosomes, resulting from adjacent I segregation. Mattei et a18 cited three cases out of a total of 44 unbalanced X;autosome translocations. In each case the mother carried the balanced translocation, which allowed recognition of the derived chromosome. However, it is not uncommon to find patients carrying a rearranged autosome where the origin of the translocated material cannot be identified. Such abnormal chromosomes may contain X chromosome material making the recognition of de novo unbalanced X;autosome translocations, carrying the autosomal derivative in place of a normal autosome, difficult. Thus, such patients may be more common in the population than suggested by the data of Mattei et al.8
This report describes such a patient, with an unbalanced X;4 translocation giving rise to the Wolf-Hirschhorn syndrome, and, in addition, sex reversal resulting from an aberrant X-Y interchange.
Case report
The patient was born at 41 weeks to a 21 year old mother who already had two normal sons; the father was aged 24. Birth weight was 2400 g, head circumference 30 2 cm, and length 44 cm. The placenta weighed 550 g.
At birth he was growth retarded, had microcephaly with frontal bossing, haemangioma of the forehead, and apparent left proptosis as the right eye was micropthalmic with an iris and a choroidal coloboma; the left eye had a very small choroidal coloboma. He also had a broad, beaked nose, blocked nasolacrimal ducts, a very short philtrum, everted upper lip, downturned corners of the mouth, a small mandible, and a cleft palate. The left ear was floppy and misshapen and the right ear posteriorly rotated, the long narrow chest had nipples at different heights, and he had finger-like thumbs. Genitalia were obviously male, but he had a short penis with a hypospadias and a small scrotum, though gonads were palpable. He also had a sacral sinus, umbilical hernia, and low anal tone. Kidney and brain ultrasound were normal as were ECG and the heart. A third fontanelle was palpable at birth.
Although the patient was initially referred with ?CHARGE syndrome, the phenotype was later agreed to be consistent with a clinical diagnosis of Wolf-Hirschhorn (4p -) syndrome.
At 7 weeks the patient smiled, at 5 months he laughed and turned his head to his mother's voice, and by 9 months he could sit well and get both hands to the midline but could not reach or hold. At 17 
Materials and methods

CYTOGENETICS
Chromosome studies were performed on peripheral blood lymphocytes. Three day cultures were released from an excess thymidine block with deoxycytidine enriched medium and harvested by standard methods to produce prometaphase chromosomes which were then G banded.9 Replication banding was produced by the incorporation of 30 pg/ml bromodeoxyuridine (BudR) for six hours before harvesting. Metaphases were stained with 0-1% acridine orange in phosphate buffer and viewed under epifluorescence. One hundred cells were scored to establish replication status.
IN SITU HYBRIDISATION
Chromosome preparations were made from peripheral blood lymphocytes, skin fibroblasts, and lymphoblastoid cell lines, using standard cell culture techniques. BudR was added before harvesting in order to achieve late replication banding. Metaphase spreads were hybridised in situ according to a modification of the method of Buckle and Craig.10
Probes were labelled with tritiated dATP and dCTP to counts of 1 2 x 108 dpm/4g DNA (probe p75/79) and 3-6 x 107 dpm/4g DNA (probe pDP230). After exposure for two to four weeks the chromosomes were stained in Hoechst 33258, exposed to UV for one hour, and stained with Giemsa to give replication R banding. The probes used were p75/79 (locus DXYS25),6 which maps to Yp, proximal to SRY the putative TDF, and pDP230 (locus DXYS20)," a pseudoautosomal probe recognising sequences at the tips of the X and Y chromosomes. Several Y probes were used, spanning the centromere and short arm. Pseudoautosomal and X specific probes were used to determine the parental origin of the X chromosomes. M271 is an X probe recognising a sequence that is non-methylated on inactive and methylated on active X chromosomes; after digestion with MspI and its methylation sensitive isoschizomer HpaII, the inactivation status of X chromosomes can be determined. A number of probes for the short arm of chromosome 4 were used but only two were found to be informative and are included in the The Southern blot analysis and in situ hybridisation with the pseudoautosomal probe showed that the patient had two copies of the paternal pseudoautosomal region and one copy of the maternal pseudoautosomal region, and furthermore that one copy was translocated on to 4p. However, while the X-Y interchange leading to the translocation of Y material on to one X chromosome must have happened during the paternal first meiotic division, we had no formal proof of the parental origin of the normal X and the X;4 translocation chromosome. We therefore used probe M270, which recognises sequences on proximal Xp, and showed that the patient had inherited an X chromosome from each parent ( fig 7A) active and inactive X chromosomes, we were able to show that the X inactivation pattern in the patient's peripheral blood cells was random ( fig 7B) . As the normal X was maternal and the abnormal X paternal in origin the X;4 translocation chromosome must also be paternal in origin. This was formally demonstrated by testing the patient and his parents with 12 probes for loci on 4p16. Only two probes were informative and both showed that the patient had inherited one allele from his mother, but no allele from his father. This established that the derived chromosome 4 was indeed paternal in origin (fig 8) .
Southern blot analysis using the probe CRI-S232, which recognises a sequence just proximal to the pseudoautosomal boundary, showed the patient to have only two copies of the locus, one paternal and one maternal. This defines the X-Y interchange as being proximal to DXS278, and therefore also the STS locus on the X (fig 9) .
Our explanation for the observations in this patient is that two interchange events occurred during paternal meiosis. The first, involving an X and a Y chromatid must have taken place at meiosis I and gave rise to the sex reversal.
The second, involving a chromosome 4 and the other X chromatid, occurred at either meiosis I or prophase of meiosis II and gave the additional, apparently active Xp material and a deletion of distal 4p which produced the WolfHirschhorn phenotype. Therefore, both chromatids of one X chromosome had been involved in separate exchange events during paternal meiosis (fig 10) .
Discussion
Previous reports of unbalanced X;autosome translocations suggest that where the autosomal derivative occurs with two X chromosomes the translocated X material is usually inactivated (in addition to a normal X chromosome) if it includes the inactivation centre on Xq.2325 A similar case to ours described a female with a derived chromosome 6 carrying Xp material, specifically Xp2l1-pter, which was apparently early replicating in all cells.26 The patient showed minor abnormalities and delayed psychomotor development, while her height, weight, and head circumference were below the 3rd centile. The malformations were presumed to result from the deletion of chromosome 6 (q26-*qter).
Nearly 
